pom G- 007

ADVIEORY CN THE USE QF THIS DOCUMENT

The information contained {n thia document has been developed aolely for the

. purpase of providing general guidanee to emploayees of the Goddard Space Flight
Center (GSFC). Thia document may be distributed outside GSFC only as a
courtesy to other government agencico and contractora. Any distrlbution of
this document, or appliecaticn or use of the Information contained Merein, 4a
expressly conditioned upon, and is subject to, the following understandings
and limitations:

(a)

(1)

{c)

{d)

(=}

The information was developed for general guidance enly and is
subjert to change at any time;

The information wag develepsd under unigue GSFC labaratory conditions
which may differ substantially from outeide conditions;

GSFC does not warrant the accuracy of the information when applied or
used under other than unigue GSFC laboratory conditions;

The infermetion should not be construed as a represantation of
product performance by eithar GSFO or the manufacturer;

Neither the Unitad States government nor Any persen acting on behalf
of the United States government assumes any liability resulting from
the applicaticn or use cf the information.
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A radiation evaluation was performed on 54AC04 to determine the
total dose tolerance of these parts. A brief summary of the test
results 1s provided below. For detailed infermation, refer to
Tablea I through IV and Figure 1. Also, refer to PPM-91-376 for
the test results of an earlier radiation testing on the same part
type (however, note that the dose rate and total dose steps weare
different in the previous evaluation).

The total dose testing was performed using a cobalt-60 gamma ray
source. During the radiation testing, eight parts were
irradiated under bias (see Figure 1 for bias configuration), and
two parte were used as control samp;es. The total dose radiation
steps were 2.5, 5, 10, and 20 krads", After 20 krads, the parts
ware allowed to anneal under bias at 25°¢C for 24 hours. The
parts were further irradiated to 25, 55 and 105 krads
{cumulative), and then allowed to anneal under bias for 24 and
168 hours at 25°C. The parts were finally annealed under bias at
100°C for 168 hours. The dose rate was between 60 to 500 rads
per hour depending on the total dose level (see Table II for the
radiation schedule). After each radiation exposure and annealing
treatment, the parts were clectrically tested at 25°'C according
to the test conditions and the specifiecation limits listed in
Table IITI. These tests included three functional tests at 1MHz
fat VOC levels of 4.3V, 5.0V and 5.5V) after each radiation and
annezaling =tep.

Al eight parts passed all functional tests throughout the
radiation testing and all parametric tests on irradiation to &
kKrads. At 10 krads, one part (SN 38) marginally exceeded the
maximum specification limit of 80uA for ICCL (the reading was
85uA). At 20 krads, all parts exceeded the zame specification
limit for ICCH (readings ranged from 9%uad to 1.3mA) and seven
parts exceeded the specification limit for ICCL (readings ranged
from 34uA to 1l.6mA}; however, all parts continued to pass all
other tests. On annealing the parts for 24 hours at 25°C, one
rart (SN 39) regovered to pass all tests.



ICC readings centinued to increase way beyond the specification
limits en further irradiation teo 25, 55 and 105 krads. No
significant recovery was observed after annealing the parts for
24 and 168 hours at 25°C; however, after an additional annealing
treatment for 168 hours at 100°C, a significant decrease in
average ICC readings occurred and one part passed the ICCL test.
Table IV provides the mean and standard deviation values for each
parameter after each radiation exposure and annealing treatment.
It also provides the functional test results after each radiation
exposure and annealing treatment.

A comparison of these test results up to 10 krads at 60 rads/hour
with the previous testing, which was performed at 555 rads/hour,
shows that average ICCH readings at 10 krads were about 70% leas
for the parts exposed to the lower dose rate than the parts
exposed to the higher dose rate. However, the two evaluations on
54AC0O4 showed similar degradation characteristics in the ICC
tests on higher total doses to 100 krads, Refer to Table IV in
both evaluations feor a detailed comparison of the radiation
degradation characteristics at different dose rates.

Any further details about this evaluation can be obtained upon
request. If you have any questions, please call me at (301} 731=-
8954.

*In this report, the term "rads" is used as an abbreviation for
rads (Si).



Tabile I. Part Information

Generic Part Number: 54AC04

SMEX Common Buy

Part Number: 5962-8760901CA
SMEX Common Buy

Control Number: 1544

Charge Nunber: C90367
Manufacturer: National Semiconductor cCorp.
Lot Date Codet 9036A
Quantity Tested: 10

Serial Numbers of 32, 33, 234, 35
Radiation Samples: 36, 37, 38, 39
Serial Numbers of

Control Samples: 30, 31

Part Function: Hex Inverter
Part Technology: CMOS

Package Style: 14-pin DIP
Test Engineer: R. Tosh



TABLE ITI. Radiation Schedule

EVENTS

1) Initial Electrical Measurements

2) 2.5 krads irradiation € 60 rads/hr
Post 2.5 krads Electrical Measuremcnts

3) 5 krads irradiation & 60 rads/hr
Post 5 krads Electrical Measurements

4) 10 krads irradiation @ 60 rads/hr
Post 10 krads Electrical Measurenents

5) 20 krads irradiation € 500 rads/hr
FPost 20 krads Electrical Meastiremsnts

6) 24 hrs annealing at 25°¢
Post 24 hr Electrical Measurementsa

7) 25 Rrads irradiation @ 12¢ rads/hr
Post 25 krads Electrical Measurements

8) 55 krads irradiation @ 200 rads/hr
Post 55 krads Electrical Measurements

9) 105 krads irradiation @ 180 rads/hr
Post 105 krads Electrical Measurenents

10) 24 hrs annealing at 25°C
Post 24 hr Electrical Measurements

11) 168 hrs annealing at 25°C
Post 168 hr Electrical Measurements

12) 168 hrs annealing at 100°C
Post 168 hr Electrical Measurements

Notesg:

- All parts were radlated under bias at the cobalt-6

facility at GSFC.

DATE

09/10/91

09/16/91
09/18/91

09/18/91
09/20/9L

09/20/91
09/23/91

09723791
09/24/91

09/24/91
08/25/91

09/25/91
09/27/91

09727791
10/03/91

10/03/91
10/15/91

10/15/91
10/16/91

10/15/91
10/25/91

10/25791
11/08/91

0 gamma ray

= All electrical measurements were performed off-site at 2590,

- All annealing performed under bias.



Table III. Electrical Characteristica of S4ac04 13

Tegts Porformed

Paraneter VCoC©  VIL VIH Conditions Pinz Limits at 25°¢C

Funct #1 4.5V 0.0V 4.5V Frag = 1MH=z All I/0 WVOL<1l.5V , VOH>1.5V
Fuanct #2 5.0V 0.0V 5,0V Fregq = 1MH=z All T/0 VOL<2.5V , VOH=2,.5V
Funct #2 5.5V 0.0V 5.5V  Freq = 1MHz All T/O VOL<2.5V , VDH>2,5V
VOH1 3.0V 0,9V 2.1V Load = -50u3 Outs 2.0V, «3.0V

VOH2 3.0V 0.9V 2z2.1¥ Load = -24mh Outs 224V, <30V

VOH3 4.6V 1.35V 3.18V Load = -50mA Outs 4.4V, «<4.,5V

VOH4 4.5V 1,35V 3.18V Load = -24ma Quts >3.7V  , «<4.5V

VOHS 5.5V 1.65V 3.85V Toad = -50ma outs >5.4V , <5.8¥

VOH& 5.5V 1.65V 3.85V Load = -24ma Quts =4.,7V  , <B.5V

VOH7 5.5V 1.65v 3.85V Load = -50mA Outs >3,B5V , <5.8V

VOL1 3.0V 0.9V 2.1V Load = +50ua Outs 0.0V, <0.1V

VOLz2 3.0V 0.9V 2.1V Load = +12mA outs 0,0V , =<0.5V

VOL3 4.5V 1.35V 3.15V Lead = +50mA outs *>0.0V , <0.1V

VOL4 4.8V 1,35V 3.15V Load = +24mA cuts 0.0V, <0.5%V

VOLS 5.8V 1,65V 3.85V Leoad = +B0OmA Oouts >0.0V , <0.1Vv

VOL& 5.8V 1.85V 3.85V Load = +24ma duts >Q.0v  , «0.8V

VOL7 5.5V 1.65V 3.85V Load = +50mh tuts 0.0V, «1,55¥V

ITH 5.5V 0.0V KE.BV VIN = 5.5V INS >0.00A  , <+1.0ua
ITL 5.5V 0.0V &,V VIN = 0.0V INS >~1.00A , < 0.0ud
ICCL 5.5V 0.0V 5.5V VIN = 0.0V vCC >04A r % BOua
ICCH 5.2V 0.0V &.5V VIN = 5.5V VCC >0Oh < BOua

Timing Tests Performed

Parameter vCC VIL VIH Pins Limits at 25°C

TPHL 4.5V 0.0V 4.5V out *Ins , <7ns

TPLH 4.BV 0.0V 4.5V Cut *Ins , <7ns
Note

1) VIL & VIH were tested during VOL & VOH tests as GQ/NOGO.,




TABLE IV: Summary of Electrical Measurements
after Total Dose Exposures and Annealing for 54AC04 1/. 2/

Annealing
Total Dose Exposure (Krads) at 25°C
Pra-Rad 2.5 5 10 20 24 hrs
Spec. Limits
Parameters min max  mean 8d mean sd mean sd | mean ad
Funcl VCC=4.5v 5 : - d
Funald VCCO=5.0V
Fungl WCCO=h,5V
VOHL1 Vi 2.9 3.0
VOH2 V| 2.4 3.0
VOH3 V| 4.4 4.5
VA4 vl 3.7 4.5
VOHS V| 5.4 5.5
YORS V| 4.7 5.5
YOHT V| 3.85 5.5
VoLl my 100
VOLZ my
VCL3 my
VOL4 my
VOL5 mv
YOL& mv
YOLT ny
IIL na
IIH na
ICCL uk
ICCH L1E:
TPLH ns
TPHL ns[

<{Table IV continued on next page>




TABLE IV. (contimued)

1/ The mean znd standard deviaticn values were calculated over the eight parts irradiated In this testing.
The control samples remained constant throughout the testing and zre not included in this cable.
2/ AIter pre-irradiation measurements, the software for A testing was modified to spe=ed up the
propagation deley times,

tp reset the ¢alibratien of the s5-350.

-7=-

Annealing
Total Dose (krads} Annealing at 25°C at 100°C
Pre-Rad 25 55 105 24 hrs 168 hrs 168 hrs
Spec. Linics
FParamaters min max  mean sd sd sd mean &d mearn sd mean ad
Funel VCC=4,5V ; :
Func2 ¥CC=5,GV
Tuncld YOC=E_ 5V
VOHL V| 2.9 3.0 a 01 .01 .01
voHZ V| 2.4 3.0 .01 .01 .01 .01
VOLR3 V| 4.4 4.5 .01 .01 .01 ¢l
V(OH4 V| 3.7 4.5 02 02 02 .03
VOHS vl 5.4 5.5 .01 .0l .01 21
VOHS5 Vi 4.7 5.5 02 .02 .02 .03
voRvy Y| 3.85 5.8 .15 .0d -03 Q7
VoL mv{ 0 100 4.7 B g £
VOLZ mv¥| ¢ 504 28 13 1s 1%
VOL3 mv| 0 100 6.4 8 g ]
VOL4 mv| o 500 54 21 25 33
YoLu5 mv 0 100 B.1 g 19 2
YOLE mv: 0 500 61 21 27 34
YOL7 my [ 1650 183 41 4% 713
Bl 1 nA|-1000 6 0 0 0 0
TiIH nh 0 1300 0 o 0 0
ICCL A 20 923 .TE3 $2,723f 2.8E3
ICCH ua| 0 80 9E3 LBZ3 2.8E3| 2.BE2
TPLE as] 1 7.C .3 .4 0.7 | 0.4
TEHL ns 1 7.4 2 .3 0.5 0.3
Noces:




Figure 1., Radiation Bias Circuit for 54AC04
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